Background. -Hypertension is both the cause and consequence of chronic renal failure (CRF). The prevalence of CRF, which itself is a cardiovascular risk factor, is not well known in France. Aims. -To estimate the prevalence of renal dysfunction among hypertensive patients who were seen by general practitioners (GP); to assess the drug management of hypertension in these patients according to their renal status. Methods. -A transversal observational study among patients of both genders aged 18 or more, with arterial blood pressure greater than 130/80 mmHg (i.e., over CRF-recommended blood pressure) or under antihypertensive drugs who were recruited in France by GP.
Introduction
The incidence rates of chronic renal failure (CRF) are constantly increasing in France and in the developed world. In 2006, the French Renal Epidemiology and Information Network (REIN) reported that 6509 patients with end-stage renal disease from 16 French regions covering 79% of the population had begun initial renal replacement therapy (RRT) for CRF (dialysis or graft) [1] . The asymptomatic or poorly symptomatic nature of renal dysfunction explains why it is often discovered at a very late or even terminal stage, requiring urgent RRT and resulting in a much less favorable prognosis than if the RRT had been properly prepared.
Arterial hypertension (AH) is both the cause and the almost inevitable complication of CRF [2] . Hypertension increases the risk of complications in CRF patients and, independent of the etiology of renal failure, speeds up the deterioration of renal function. It also favors the early onset of cardiovascular complications, accelerates the progression of cardiovascular lesions and increases early mortality. Patients with renal failure often have isolated systolic hypertension with a normal or low diastolic pressure. It is systolic pressure which best indicates the risk of progression towards end-stage renal failure. Furthermore, it has been shown that renal failure is an important risk factor for all-cause and cardiovascular mortality [3] .
Since 2003, numerous recommendations have been published pertaining to blood pressure targets in the case of CRF [4] [5] [6] [7] [8] . Thus, according to international recommendations of JNC VII followed by ANAES [4] , the target blood pressure in renal failure patients should be 130/80 mmHg.
The adequate control of arterial blood pressure is recognized to be an essential factor in slowing down the progression of CRF. However, screening for renal failure is not routine in the case of hypertension [9, 10] . Given the role of hypertension in the progression of CRF, we considered it important to examine the distribution of hypertensive patients according to their renal disease stage and the management of their hypertension. This survey was conducted over the course of 1 week in patients from all over France who consulted their general practitioner (GP) presenting with blood pressure greater than or equal to 130/80 mmHg and/or who were undergoing antihypertensive therapy.
Material and methods
This national and transversal observational study conducted over 1 week concerned patients recruited consecutively in all of France by a representative sample of GP. The survey was conducted in accordance with legal requirements. The GP were chosen at random from a comprehensive database of French GP and were stratified first by region, then by telephone interview. Inclusion criteria for patients were the following: patients of both genders, aged 18 years or more and presenting with a systolic blood pressure (SBP) and/or a diastolic blood pressure (DBP) greater than or equal to 130/80 mmHg or undergoing antihypertensive therapy. The threshold of 130/80 mmHg refers to the target blood pressure recommended in the case of renal failure [4] , so as to identify those hypertensive patients presenting with kidney problems.
For each patient, the GP collected in a registry demographic (sex, age, weight, height), clinical data (SBP/DBP: GP were asked to record the second of two blood pressure readings at an interval of a few minutes) the duration of hypertension, serum creatinine, current antihypertensive treatments and finally, metabolic and environmental data concerning the patient's cardiovascular, renal and diabetic status.
The body mass index (BMI = weight/height 2 ) and the body surface area [BSA = (weight × height/3600) 0.5 ] [11] were calculated a posteriori. The glomerular filtration rate (GFR) was calculated on the basis of serum creatinine (mol/l), age and weight using the Cockroft and Gault formula [12] . The GFR was scaled to the BSA [13] .
For the purposes of this study, the ANAES classification criteria for chronic renal disease and its severity were used [13] 
Statistical analysis
The statistical analysis was performed using SAS 9.1 (SAS Institute, Cary, NC). The quantitative data are presented as the number of patients (n), mean ± standard deviation, median and range. The qualitative data are presented as the number of patients (n) and as percentages of the total data set. Missing data were not treated in any special manner.
Group comparisons were conducted using the following tests: Student's t-test, ANOVA, Kruskal-Wallis, Chi-square test and Fisher's exact test. Furthermore, the Chi-square test for trend was used for the analysis of the relation between a categorical variable reflecting a grading (such as the degree of renal failure) and a nominal variable with two states (such as medical history). A P-value of < 0.05 was considered statistically significant.
Results

Patient characteristics
The demographic and clinical patient characteristics are shown in Table 1 . A total of 2315 (49.4% male), with a mean age of 65 ± 13. 114-137). The serum creatinine was higher in men (median: 88 mol/L) than in women (median: 76 mol/l) (p < 0.001). The median GFR was 78 mL/min per 1.73 m 2 in men versus 67 in women (P < 0.001). Likewise, the serum creatinine and GFR differed according to age (median serum creatinine in micromole per litre -18 ≤ age < 40: 78; 40 ≤ age < 60: 79; age ≥ 60 years: 82 ; P < 0.001; median GFR in millilitre per minute per 1.73 m 2 -18 ≤ age < 40: 103; 40 ≤ age <60: 90; age ≥ 60 years: 63 ; P < 0.001).
The study of hypertension risk factors according to HAS recommendations [7] shows, that in 85% of men and 66.2% of women included in the study, age was a risk factor. In addition, 35.2% of patients had a cardiovascular family history, 21.4% were diabetic, 48.6% of patients presented with dyslipidemia current or past and 29.6% were smokers or exsmokers.
We also compared the characteristics of patients having a reported serum creatinine value (''creatinine group'', n = 1 959) with those without (''non-creatinine group'', n = 356). Overall, it seems that the age-related pathologies and criteria were more common in the ''creatinine group''. It is of note that more patients in the ''creatinine group'' took at least one ACE inhibitor or an A2RB, which could be explained by the fact that renal failure had been detected in these patients (results not shown). Table 2 shows the prevalence of each renal disease stage among the ''creatinine group'' -the GFR was able to be calculated in 1908 patients -along with the percentages of patients presenting with renal disease markers. Of these, 1345 patients (70.5%) had a GFR less than or equal to 89 mL/min per 1.73 m 2 . The percentage of patients presenting with chronic kidney disease was 1.47%. Furthermore, the prevalence of patients presenting with kidney damage was 31.4%. In this cohort, 27.9% (n = 533) had moderate renal failure, 2.20% (n = 42) had severe renal failure and 1.26% (n = 24) showed end-stage renal disease. In addition, when assessing renal disease markers, microalbuminuria was detected in 14.6% and proteinuria in 9.6% of cases.
Evaluation of renal function
Therapeutic management of hypertension according to the renal disease stage
In total, 1952 out of 2315 (84.3%) patients took at least one antihypertensive drug. Focusing on patients with renal failure (DFG ≤ 59 mL/min per 1.73 m 2 ) reveals that: • among 550 patients (91.8%) treated for AH, 42 out of 544 (7.7%; six patients had incomplete blood pressure data) had good blood pressure control and 502 out of 544 (92.3%) had poor blood pressure control; • in 49 cases (8.2%), blood pressure was neither treated nor controlled.
Patient groups defined by their renal disease stage differed according to whether or not they had taken antihypertensive medication (P = 0.002), the proportion of patients taking at least one drug increased with the severity of the renal disease (Chi-square test for trend, P < 0.001) ( Table 3) .
Regardless of renal status, the majority of patients took between one and two antihypertensive drugs (e.g., mean Data are expressed in n (%), median or mean ± standard deviation (S.D.). * Myocardial infarction or sudden death before the age of 55 years in the father or any other male first-degree relative, myocardial infarction or sudden death before the age of 65 years in the mother or any other female first-degree relative, early CVA (< 45 years) ** LDL cholesterol greater than 1.60 g/L (4.1 mmol/L), HDL cholesterol less than or equal to 0.40 g/L (1 mmol/L) for both genders. Of the patients with severe renal failure, 66.7% took at least one diuretic, 31.0% at least one ACE inhibitor and 31.0% at least one A2RB. Among the patients with end-stage renal failure, 45.8% took at least one diuretic, 16.7% at least one ACE inhibitor and 37.5% at least one A2RB. Overall, the distribution of patients according to their renal disease stage differed according to the prescribed treatment and the percentage of patients treated tended to increase with the severity of renal disease. This was true for all treatments except for patients who took at least one A2RB or at least one ␤-blocker (Table 3) . Furthermore, the number of patients taking at least one ACE inhibitor tended to increase with the severity of renal disease (P = 0.061). Fig. 1 illustrates the management of microalbuminuria and/or proteinuria, with or without diabetes, in patients with renal failure, using ACE inhibitors and/or A2RB. In total, 32.3% of diabetics with proteinuria, 23.2% of diabetics with microalbuminuria, 29.6% of diabetics with both proteinuria and microalbuminuria, 37% of patients with proteinuria but without diabetes and 28.2% of patients with microalbuminuria without diabetes took neither ACE inhibitor nor A2RB. Conversely, 6.5% of diabetics with proteinuria, 5.8% of diabetics with microalbuminuria, 7.4% of diabetics with both proteinuria and microalbuminuria, 3.7% of patients with proteinuria but without diabetes and 2.6% of patients with microalbuminuria but without diabetes took one ACE along with an A2RB.
Discussion
This survey aimed to update data concerning the prevalence of renal dysfunction by taking into account the different stages of CKD and CRF as proposed by ANAES and to describe the therapeutic management of these patients in an everchanging environment. Our study population, selected on the basis of criteria linked to AH (blood pressure over 130/80 mmHg and/or treatment with antihypertensive medication), is relatively old (65.0 ± 13.6 years) and made up of as many men as women. Our results are in line with those of previous studies which showed that renal function deteriorates progressively with age [9, 14, 15] . Moreover, while we observed that serum creatinine and GFR were higher in men than in women, a study of 2100 hypertensive patients recruited by cardiologists in private practice showed that renal failure began significantly earlier and was more severe in women than in men, while after the age of 70, there was no longer any difference between the two groups [9] . In this study, the mean age of patients (65.9 ± 12.2 years) and the mean duration of antihypertensive treatment were comparable to those observed in our study.
We found that 1023 patients (44.2%) had consulted a cardiologist, whereas only 144 (6.2%) had seen a nephrologist. All around the world, patients suffering from renal failure leave it too late before consulting a nephrologist, if at all. This problem of ''late referral'' seems very common and is associated with an increase in morbidity and mortality [16] [17] [18] . It is also of note that this survey was conducted after the publication of the reference values for the estimation of GFR based on serum creatinine by the Société française de biologie clinique and the Société française de néphrologie for the communication of laboratory results to the patient's physician. According to the results of our survey, there was no change in standard practices concerning the referral of patients to a nephrologist following the publication of these criteria. In our cohort, 70.5% of patients presenting with a GFR inferior or equal to 89 mL/min per 1.73 m 2 and 1.47% presenting with a GFR between 60 and 89 mL/min per 1.73 m 2 had had renal disease markers for more than three months. Furthermore, the prevalence of patients for whom serum creatinine was reported and who presented with renal damage (GFR ≤ 59 mL/min per 1.73 m 2 ) was 31.4%. Among these patients, 27.9% (n = 533) had moderate CRF, 2.20% (n = 42) had severe CRF and 1.26% (n = 24) suffered from end-stage renal failure. In France, the overall prevalence of renal diseases is estimated at between two and three million [19] . According to the REIN registry data, the overall crude incidence rate of CRF patients treated by dialysis was 123 per million population (pmp) in 2003 in the seven regions participating in the registry, and in 2005, it was 139 pmp in the thirteen participating regions [20, 21] . In the PHENOMEN study conducted in 2001 including 16, 358 hypertensive patients treated by GP, which analyzed the prevalence of renal dysfunction for 8650 of these patients (mean age = 63 ± 12 years, 53% men) [10] , 51% of patients (4411) exhibited signs of renal failure, 28% (2422) had mild renal failure (60 ≤ GFR < 80 mL/min), 22% (1903) had moderate renal failure (30 ≤ GRF < 60 mL/min) and 1% (44) had severe renal failure (GFR < 30 mL/min). In a sample with a similar mean age and male/female distribution, the results of our study are slightly higher, suggesting a progression of renal disease in France. Another French study conducted among hypertensive patients seen by cardiologists in private practice reported figures comparable to ours with a prevalence of CRF defined as a creatinine clearance inferior to 60 mL/min being 32%, and 61% when the threshold was fixed at 80 mL/min. In this study, mild to moderate renal failure was underdiagnosed with 71% of patients being subjectively considered as having normal renal function [9] . Moreover, hypertensive patients with CRF did not show more cardiovascular risk factors or comorbidities compared to patients with normal renal function and the prevalences of type 2 diabetes and hypercholesterolemia were similar in both groups. A British study reported a prevalence of CRF of 1701 pmp, with an overrepresentation of men and older patients when CRF was defined by serum creatinine superior to 150 mol/L [22] . In the United States, the incidence of CRF is estimated at 6600 pmp, with one in 16 Americans having a creatinine clearance between 15 and 60 mL/min per 1.73 m 2 [23] . Recently, a study aiming to update the figures concerning the prevalence of CRF in the United States by means of the latest NHANES studies referring to NHANES 1999-2004, including 13,233 subjects aged 20 years or more (mean age = 46.2 ± 0.3 yrs), the prevalence of CRF stages 1-4 was 13.1% and gave a GFR greater than or equal to 90 mL/min per 1.73 m 2 for 40.7% of the population, a GFR between 60 and 89 mL/min per 1.73 m 2 for 51.2%, a GFR between 30 and 59 mL/min per 1.73 m 2 for 7.7% and a GFR between 15 and 29 mL/min per 1.73 m 2 for 0.35% of subjects [24] . The differences between these results and those of our study could be explained by the following facts:
• our population is older;
• our population was selected on the basis of blood pressure criteria (130/80 mmHg and treatment by an antihypertensive drug);
• these authors use the MDRD formula for the calculation of GFR [25] .
We have shown that among patients for whom serum creatinine had been measured, microalbuminuria was found in only 14.6% and proteinuria in 9.6%. These results differ greatly from the MIRA survey, which aimed to investigate the epidemiology of microalbuminuria among patients with type 2 diabetes (563 patients of which 55% men, mean age = 64.7 ± 11.2 years, duration of hypertension =10.5 ± 6.9 years). In total, 349 out of 510 patients (68%) had blood pressure superior to 130/80 mmHg and 51% presented with microalbuminuria greater than 30 mg/L [28] .
Our study shows that 31.4% of subjects included in the survey, that is one third of hypertensive patients seen by GP, present with renal failure. In this sub-group, approximately 92% of patients are being treated but in only 7% is blood pressure successfully controlled. These results are in line with other French studies, showing that the control of blood pressure in patients with CRF is poor with regard to the recommendations for good clinical practice [10, 26] .
In our study, among the patients whose blood pressure was superior to 130/80 mmHg, many had a lowered GFR or even renal dysfunction (only 22 out of 1908 patients had blood pressure inferior to 140/90 mmHg, a normal renal function and were not taking any hypertensive medication). Whilst the JNC report VII claims that hypertensive patients with renal failure should be treated rather aggressively with at least three antihypertensive drugs in order to achieve a blood pressure target of 130/80 mmHg, analysis of therapeutic management of hypertension in our study shows that few patients benefit from optimal treatment with 879 out of 1908 (46.1%) taking only one antihypertensive drug. Moreover, 687 out of 879 (78.2%) of patients treated with antihypertensive medication maintained a blood pressure superior to 140/90 mmHg (representing 36% of analyzed subjects) and 184 out of 687 (26.8%) presented with CRF. These results are in line with those of the NHANES III study, in which hypertensive subjects with increased serum creatinine had a mean blood pressure of 147/77 mmHg and 48% took only one hypertensive drug [27] . Another finding of the NHANES III study was that 3% of Americans had a raised serum creatinine, 70% were hypertensive and 75% of these hypertensive patients were being treated. Moreover, only 11% of these hypertensive patients had a blood pressure inferior to 130/85 mmHg [27] .
The principle factors permitting to slow down the progression of renal dysfunction, especially in chronic glomerulopathies, are proteinuria and hypertension [8] .
ACE inhibitors and A2RB are believed to have protective effects in patients with renal dysfunction and are thought to slow the progression towards end-stage renal disease. The benefits are particularly evident in patients with or without diabetes, presenting with proteinuria superior to 3 g per 24 h and they remain significant to a lesser degree when proteinuria is inferior to 3 g per 24 h [8] . Taking this into account, ACE inhibitors and A2RB appear underused, especially in hypertensive patients with renal failure. Considering the prescription of ACE inhibitors and A2RB to the 69 diabetic patients with renal failure and microalbuminuria, 27.5% took ACE inhibitors, 43.5% took A2RB and 5.80% took both ACE inhibitors and A2RB. In the MIRA survey, 45% of hypertensive patients were treated with ACE inhibitors and 35% with A2RB [28] . While our results are comparable to those of the MIRA survey concerning the prescription of A2RB, the prescription of ACE inhibitors seems much lower in our population, suggesting that the prescription of ACE inhibitors could be higher in hypertensive diabetic patients than in patients with renal failure.
Thus, it seems that the treatments at the disposition of practitioners are not used in an optimized way to lower blood pressure and to slow the progression of renal dysfunction, while it has been clearly established that decreasing blood pressure permits the slowing down of progression of complications in the long-term. These complications may not only affect the kidneys, but also the microvascular or even the macrovascular system and particularly cardiovascular diseases.
This survey has limitations, notably concerning the collection of data by GP in a registry, without carrying out any subsequent examinations. For this reason, serum creatinine was reported for only 1959 of 2315 patients initially included in the study, which does not rule out the possibility that the 356 patients without serum creatinine values might have been diagnosed with renal failure. It is therefore possible that the prevalence of renal dysfunction in our study population was underestimated because in 15.7% of patients, serum creatinine was not available. In spite of these limitations, our study provides valuable information on a comprehensive cohort from all over France. We are aware that the use of another formula such as the MDRD formula would have allowed a better estimation of renal clearance, particularly in special populations such as obese or elderly patients. However, the Cockroft and Gault formula remains the most common in scientific literature, enabling us to compare our results with those of other published studies.
Conclusion
Kidney diseases must be searched for because they are initially asymptomatic and their early treatment has been shown to delay the commencement of RRT and to lower the risk of cardiovascular accidents [19] . As highlighted by Bourel and Ardaillou in their 2004 report, the screening of CRF must target at-risk populations, especially those suffering from AH [19] .
The administration of an ACE inhibitor or an A2RB as first line therapy seems essential particularly in the case of proteinuria. It must also be remembered that renal dysfunction or proteinuria -which should be routinely tested for -are major cardiovascular risk factors.
Our results show a high frequency of CRF in hypertensive patients, which is in line with the results of other studies conducted among GP. In patients whose GFR is inferior to 60 mL/min per 1.73 m 2 , it is only possible to slow down the deterioration of renal function. Yet these patients are insufficiently treated and despite the results of recent epidemiological studies, there seems to be no improvement in the therapeutic management of these patients. Consequently, efforts should be made to properly educate GP in order that they contribute to the early detection of CRF, to better therapeutic management using in particular ACE inhibitors and A2RB which have been proved to protect the kidneys in hypertensive patients, and to quicker referral of patients to cardiologists and nephrologists.
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